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Goldstino superfields for spontaneously broken 
A/" = 2 supersymmetry 



We examine spontaneously broken Af = 2 supersymmetry in four dimensions 
and associate a spinor superfield with each Goldstino via a finite supersymmetry 
transformation with parameters that are the Grassmann coordinates of Af = 2 
superspace. Making use of a special choice of coset parametrization allows us to 
develop a version of nonlinear ly realized Af = 2 supersymmetry for which the asso- 
ciated Goldstino superfields are defined on harmonic superspace, thereby providing 
a natural mechanism for construction of a Goldstino action. The corresponding su- 
perfield Lagrangian is an 0(4) multiplet. This property is used to reformulate the 
Goldstino action in projective superspace and in conventional Af = 2 superspace. 
We show how to generate matter couplings of the Goldstinos to super symmetric 
matter using the Af = 2 harmonic, projective and full superspaces. As a bi-product 
of our consideration, we also derive an Af = 2 chiral Goldstino action. 



1 kuzenko @ cy llene . uwa .edu.au 
2 mcarthur@physics. uwa.edu.au 




School of Physics, M013, The University of Western Australia 
35 Stirling Highway, Crawley W.A. 6009 Australia 



Abstract 



Contents 

1 Introduction 

2 The nonlinear realizations of M = 1 supersymmetry revisited 

3 Analytic realization of spontaneously broken J\f = 2 supersymmetry 

4 Including the harmonic operators D ++ and D 

5 Construction of Goldstino superfields 

6 Composite Goldstino superfields 
A M = 2 chiral construction 



11 



16 



17 



1 Introduction 

The absence of observed superpartners for the particles in the Standard Model of 
particle physics suggests that if supersymmetry is a symmetry of Nature, then it is realized 
in a spontaneously broken form. It is somewhat ironic that the second oldest realization 
of a supersymmetry algebra in a field-theoretic context by Volkov and Akulov [TJ [2] was 
indeed nonlinear. 

Most of the focus of work on nonlinear realizations of extended supersymmetries has 
been on partially broken global supersymmetry [3j HJ El El [7J El |9], motivated by the 
relevance of these constructions to low-energy effective actions for branes in superstring 
theory. 

In this paper we examine fully broken M = 2 supersymmetry, so that there are two 
Goldstinos. We use the technique introduced by Ivanov and Kapustnikov [10i HU [12] 
(see also [IS]), and further elaborated by Samuel and Wess [H], to associate a superfield 
with each Goldstino via a finite supersymmetry transformation with parameters that are 
the fermionic coordinates of Af = 2 superspace. We find, using standard techniques 
for construction of nonlinear realizations, that a special choice of coset parametrization 
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yields a version of nonlinearly realized Af = 2 supersymmetry for which the associated 
Goldstino superfields are defined on Af = 2 harmonic superspace, thereby providing a 
natural mechanism for construction of an Af = 2 Goldstino action. 

The plan of the paper is as follows. In section 2, we review the nonlinear realization 
of Af = 1 supersymmetry pioneered by Volkov and Akulov, and the mechanism by which 
an Af = 1 superfield can be associated with the corresponding Goldstino. It is shown that 
a different choice of coset parametrization from that used by Volkov and Akulov gives 
rise to an antichiral Goldstino superfield, which allows the construction of a Goldstino 
action via integration over the antichiral subspace of Af = 1 superspace. The Af = 2 
version of this chiral superspace construction is discussed in the appendix. In section 3, 
we analyze the case of spontaneously broken Af = 2 supersymmetry, and show that via 
a particular choice of coset parametrization, it is possible to find Goldstone fields that 
are naturally adapted to the structure of Af = 2 harmonic superspace. The operators 
D ++ and D associated with the SU(2) degrees of freedom in harmonic superspace are 
analyzed in section 4, and it is shown that they have a nonlinear action on the Goldstinos. 
In section 5, we demonstrate that analytic superfields can be associated with one of the 
Goldstinos, thus allowing the construction of a Goldstino action by integration over the 
analytic subspace oi Af = 2 superspace. Several reformulations of the Goldstino action 
are given, and Goldstino-matter couplings are introduced. In section 6, we briefly discuss 
composite Goldstino superfields that can be used to construct higher-derivative Goldstino 
actions. Finally, the Af = 2 chiral construction is presented in the appendix. 



2 The nonlinear realizations of J\f = 1 supersymmetry 
revisited 

Nonlinearly realized internal symmetries can be treated systematically using coset 
constructions [151 EE El- Volkov [18J extended the coset construction to include both 
broken and unbroken spacetime symmetries (see also p-9]), and Volkov and Akulov [TJ [2] 
treated the case of broken A^-extended supersymmetries. 

The four-dimensional Af = 1 construction of Volkov and Akulov [lj [2] is associated 
with the supersymmetry algebra 

{Qay Qa} = 2 P a a ■ (2-1) 

The coset construction of nonlinearly realized supersymmetry on the Goldstone field X a (x) 
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is based on the group element 

g(x, X(x),X(x)) = e K-x"Pa+x«(x)Q a +x & (x)Q*) _ (2 . 2 ) 

Supersymmetry transformations are generated by left action by the group element 

g ^ )= ^Q a +-^) . (2.3) 

In infinitesimal form, the supersymmetry transformation law is 

5X a = e a -iv^dppXa , 5Xa = e„ -iv^d^Xa (2.4) 
with = X^ - e f: 



An alternative nonlinear realization, first introduced by Zumino [20J and further de- 
veloped by Samuel and Wess [H], involves a Goldstino £ a which mixes only with itself 
under supersymmetry transformations: 

6^ a = e a -2i^d^ a . (2.5) 

This nonlinear realization is related to the coset parametrization 

g{x,£(x),x(x)) = e «-* a r«+?*(*)Q«)^)Q & . ( 2 . 6 ) 

Left action by the group element (12. 31) generates the supersymmetry transformation ( 12.51) , 
as well as the transformation 

8^ = e & -2i^d^. (2.7) 
The Goldstinos Caj^d are related to the Volkov-Akulov Goldstinos A a , Xa by 

£ a (x) = X a (y) , ^ 6 (ar) = X a (y) , (2.8) 
where y a = x a — iX(y)a a X(y). Conversely, 

X a (x) = £{z) , X a (x) = $ & (z) , (2.9) 

where z a = x a + i^(z)a a ip(z). 

In the work of Samuel and Wess, the field ip a was not exploited. Instead, they used 
defined as the Hermitian conjugate of £ Q , with the supersymmetry transformation 

Si & = e & + 2i^d 0d i & . (2.10) 



However, there is a benefit to be derived from working with the fields {^ a -,ipa) rather 
than (£ a , £q,). As first demonstrated by Ivanov and Kapustnikov [10l[TTJ[T2] ( see a ^ so P^P- 
it is possible to associate a superfield with a Goldstino via a finite supersymmetry trans- 
formation for which the parameter is the corresponding fermionic superspace coordinate. 
When the Goldstinos ((, a ,4>a) are promoted to superfields, the superfield corresponding 
to ipa is antichiral. This allows the formulation of a Goldstino action by integration over 
the antichiral subspace of Af = 1 superspace. 

Explicitly, the supersymmetry transformations (12. 5p and (12. 7p imply 

iQaip = -£a/3 (2.11a) 

lQa& = -liedaatp (2.11b) 

and 

iQ Q ^ = (2.12a) 

iQafy = h$ ~ nt. a dc&% • (2.12b) 

The superfields associated with the Goldstinos £ a , ipa are 

E a (x,9,e) = e iX U%), *&(x,6,6) = e iX Mx) , (2.13) 

where X = 9 a Q a + 6 & Q". Using 

D a e iX = e iX iQ a , DJ X = e iX iQ„ , (2.14) 

it follows that 

D a E p = -e afj (2.15a) 

D & Zp = -2i~ a d adt Zp (2.15b) 

and 

Dji^ = (2.16a) 

Mp = e &$ - 2iZ a d a ^p . (2.16b) 

For completeness, we also introduce, following Wess and Bagger j2TJ [22] , the spinor su- 
perfield associated with the Volkov-Akulov Goldstino X a 

A Q (x,e,9) = e [X X a (x) . (2.17) 
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It obeys the constraints 

D a Ap = -s afi + iA d <9^ , A*A,3 = -iA^A^ . (2.18) 

It can be shown using (12.91) that the Goldstino superfields E a and ^> a are related to 
each other as follows: 

E a (z) = *p(z)BP a (z) , z A := (x a , 9 a , 6 & ) , (2.19) 

for some nonsingular 2x2 matrix B such that 

B = 1 + nonlinear Goldstino-dependent terms . 

Eq. ( 12.1 6ap means that the superfield ^„ is indeed antichiral. This allows the con- 
struction of an action 

= ~J d A xd 2 9^ a ^ a - d 4 z d 2 (2.20) 

which can be used to describe the Goldstino's dynamics, instead of the action proposed 
by Samuel and Wess [H] 

S sw = - J d 4 x d 2 9 d 2 9 E a E a (2.21) 
or the superfield version [22] of the Volkov-Akulov action 

S YA = ~\J d 4 a;d 2 0d 2 £A a A a A d A d . (2.22) 

The component form of the action (I2.20p is 

= - J d 4 X (I + iCdaa^ ~ eipa&p)^ 2 ~ ^^d^ 2 + C.C.) . (2.23) 

The striking feature of this action is that it is at most quartic in the Goldstino fields, 
unlike the other Goldstino models which in general contain terms to eighth order in the 
fermionic fielcjfl (see [21] for a detailed analysis of the known Goldstino models and their 
relationships). This unusual feature is deceptive, however, since the action is given in 
terms of two different sets of fields, (£ Q ,<£ a ) and (if) a , ip a ) related to each other as in 
via ( 12.81 12. 9p . Sixth- and eighth-order terms will inevitably appear once the action is 
expressed via one set of fields or the other. If we express the action entirely in terms 



3 The Volkov-Akulov action does not contain any terms of eighth order in A and A [25] . 
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of the fields (£cn£ a ), we must end up with (the component version of) the Samuel- Wess 
Goldstino action. On the other hand, expressing (12.231) entirely in terms of the fields 
(xjj a ,ijj a ), it turns out that we end up with Rocek's Goldstino superfield [26J. This claim 
can be justified as follows. 

We can associate with the Goldstino superfields two composite nilpotent objects which 
contain all the information about the original superfields, specifically: 

$ := ; (2.24) 

E := H d H d . (2.25) 

The superfield E is equivalent to the complex linear Goldstino superfield introduced in 
j. Its properties are 

- ^D 2 E = 1 , E 2 = , — ^EZ) 2 £) Q ,E = D a T, . (2.26) 



The superfield $ proves to be equivalent to Rocek's chiral Goldstino superfield as its 
properties are 

Ai$ = , $ = , -i$D 2 $ = $ . (2.27) 

Eq. (I2.19P has to be used to derive the last constraint in ( I2.27P . This confirms that (I2.2(jp 
is equivalent to Rocek's Goldstino action 

S R = - J d 4 x d 2 9 $ = - J d 4 x d 2 9 d 2 6 . (2.28) 

Our realization (I2.20p shows that may be interpreted as a square root of Sr. 

Using eqs. (12.261) and (12.271) . it is not difficult to show that the Goldstino action (12.201) 
can be expressed only in terms of the Goldstone superfields (I2.13P as 

S m = - J d 4 x d 2 6 d 2 9 E a E a ^a*" . (2.29) 

This action proves to be real, as a consequence of the third constraint in (I2.27p . 



3 Analytic realization of spontaneously broken J\f = 2 
supersymmetry 

In the case of Af = 2 supersymmetry, one can also introduce a nonlinear realization 
that gives rise to Goldstino superfields that are antichiral, as explicitly described in the 
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Appendix. However, for reasons discussed above in the M = 1 case, such a realization 
appears to be less useful than the Af = 2 analogue of the construction by Samuel and 
Wess [H]. This motivates seeking a new approach to the description of spontaneously 
broken M = 2 supersymmetry. 

Harmonic superspace [27] (see [28] for a review) extends conventional M = 2 super- 
space by the two-sphere S 2 = SU(2)/U(1) parametrized by the group elements 

(ui~,Ui + ) G SU(2) , u? := eijU +j , u +i = u~ , = 1 . 

The M = 2 supersymmetry algebra, 

{Q l a ,0di} = 2SjP ad , (3.1) 



can be re- cast in the form 



where 



{Qt, QT} = ±2P a& , (3.2) 



Qt = Q>t, Qt = Qiuf. (3.3) 

To examine the complete breaking of M = 2 supersymmetry in a harmonic superspace 
context, we choose a very particular coset parametrization 

g{x,X{x),X(x)) = e^ a ^+^-(-)ei-Ar( a: )Q^) e i(-A«+( a; )Q- + A+( a: )Q^) (34) 
The fields in ( 13. 4 p are related to the Volkov-Akulov Goldstinos, eq. (lA.lj) . as follows: 



XUx') = X a -(x)ul - X a+ (x)u- , Xf(x') = X a -(x)ul - r + (x)u- , (3.5) 

where 

x' a = x a - iX-{x)a a X + {x) - iX + {x)a a X-{x) . (3.6) 
Left action by the group element 

gives rise to the infinitesimal supersymmetry transformations 

<5A+ = e+ - 2i t^X^d^Xt + 2i e^+X^d^X+ (3.7a) 

5X1 = 6t - 2i ef+xfi-dtfXt + 2i e^-d^Xt (3.7b) 

8X- = e--2i e^-d^X- + 2i e^A^A" (3.7c) 

6XT = e -7 - 2i eP+tf-dpfc + 2i e^+A^AT . (3.7d) 



The significance of the coset parametrization chosen is that 5A+ and 5X£ have no depen- 
dence on e a ~ and e£ , meaning that A+ and A+ are annihilated by and Q a+ : 

Qj A+ = (3.8a) 

Q+A+ = (3.8b) 

Q^A+ = ie Q £ + 2A^A+ (3.8c) 

Qt A+ = -2\P-d p$ \t (3.8d) 

and 

Qpt = (3.9a) 

Q+A+ = (3.9b) 

QfXi = 2A^A+ (3.9c) 

0jAt = ie .^-2A^At . (3.9d) 

When we come to construct superfields from A+ and A J, this will ensure that the corre- 
sponding superfields are analytic. 

The supersymmetry transformations of A~ and A^ are given by 

QpK = _ie a/3 (3.10a) 

Q+A" = (3.10b) 

Q- p K = 2A^A- (3.10c) 

Q ■ A- = -2\P-d^\- (3.10d) 

and 

Q^AT = (3.11a) 

0jA7 = -ie. 4 (3.11b) 

^A7 = 2iA^AT (3.11c) 

QTAT = -2iA^AT . (S.lld) 

It should be pointed out that the fields A+ and A+ are conjugate with respect to the 
analyticity-preserving conjugation [27] : 

A+ = A+ , A+ = -A+ . (3.12a) 
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Similar relations hold for the fields X a and A^ , that is 

K = K , S = -A" • (3.12b) 

This is the key feature distinguishing the nonlinear realization in this section from the an- 
tichiral one detailed in the Appendix. In the latter, there is no simple conjugation relation 
between the Goldstinos associated with dotted and undotted supersymmetry generators 
(unlike the Volkov-Akulov realization (IA.1I) ). In the parametrization (13. 41) adapted to 
harmonic superspace, Goldstinos are related by analyticity-preserving conjugation. 



4 Including the harmonic operators D ++ and D 

In harmonic superspace, a key role is played by the SU(2) left-invariant vector fields 

D ++ = u +i J—, D— = u- i J—, D° = u +l J— - u-'J— . (4.1) 
ou~ l ou +l ou +l du~ l 

Here D° is the operator associated with harmonic U(l) charge. Given a scalar function 
^ n ')(u + ,u-) on SU(2) of U(l) charge n, 

^ n \e ia u + ,e- ia u-) =e ina V (n \u + ,u-) , «GK, (4.2) 

we have D°^ n ^ = rup( n \ Of particular importance for in our considerations is the operator 
D ++ which acts on the supersymmetry generators as 

[D+\Qi] = 0, [D + +,Q-] = Qi, [D + \Qi]=0, [D++,Qt]=Q+. (4.3) 

At first glance, one might expect 

D ++ A+ = 0, ,D ++ A- = A+, D+ + Xt = 0, D ++ \t = X+. (4.4) 

However, these are inconsistent with the nonlinear action of the supersymmetry generators 
on the Goldstinos. We can see this with a simple example. Assuming [D ++ , Qp] = 
and the nonlinear supersymmetry transformations of the X's, 

= Off A+ 
= [D + \Q-,]X + a 

= D++{-\e aP + 2A*-0fljA+) - Q?(D ++ X+) 

= 2{D + +¥-)d^Xt + 2A^( J D++A+) - Qp(D ++ X+) , 
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which yields a contradiction if we set D ++ \+ = 0. 

In order to determine how the operator D ++ acts on the Goldstinos, note that the ac- 
tion of the supersymmetry generators on the Goldstinos can be represented schematically 
in the form: 

^ = -'^ ( 45a ) 
Qt = -i (4.5b) 

Qj = i ^p++ 2X$ ~ 9 P$ (4.5c) 

This is similar to the superspace representation of the supersymmetry generators in the 
analytic basis, and the corresponding central basis version is 

Q = e z Qe~ z , Z := -iA^+c^ - i\ p+ X^d^ . (4.6) 

One finds 

Q + = "i g^Z + (4.7a) 

In this central basis, -D ++ = satisfies 

[5 ++ ,Q + ]=0, [5 ++ ,Q-] = Q+. 

It follows that in the analytic basis, 

D ++ = e- z D ++ e z = D ++ - 2\\^\f }+ d^ . (4.8) 

Thus [D++, Q+] = 0, [D ++ , Q-] = Q+ etc, and 

D++A+ = -2i\P + \ $+ dp $ \t (4.9a) 

£ ++ A- = A+-2iA^A^A- (4.9b) 

D ++ A+ = -2iA* + A^A+ (4.9c) 

D ++ K = At-2iA^A^AT. (4.9d) 
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Q~k = * ^ " ^"fy/J ■ (4.7d) 



In particular, this shows that the Goldstinos A^ and in the coset parametrization ( 13.4ft 
are not simply of the form X l a uf and X^uf, with X l a and A^, conventional Af = 2 Goldstinos 
independent of the harmonic coordinates. 

The equations (I4.9b|) and (I4.9d|) are very important, since they explicitly relate the 
Goldstino fields (A" At) to (A+,A+). 

In a similar manner, one can prove 

= A" - 2i X^X^d^Xt (4.10a) 

D—X- = -2iX^-X^d f3$ X- (4.10b) 

D--At = AT-2iA^A^At (4.10c) 

D-X- a = -2iX^-d^XT . (4.10d) 

It follows from (1479]) that 

P ++ ) 4 A+ = , P ++ ) 4 A+ = , (4.11) 

and therefore A+ and Aj have simple harmonic expansions in powers of u\ and u~ , in 
particular 

3 

A+( M + , «") = A>+ + £ ^(ii...in+iii-in) w 4- . . . u +^ u - . . u - . (412) 

n=l 

Here A^ is the Af = 2 Volkov-Akulov Goldstino, eq. OA.ip . The other fields in f)4.12p are 
nonlinear functions of Af and its conjugate. 



5 Construction of Goldstino superfields 

Similarly to the Af = 1 case discussed in section 2, to each of the Goldstinos A^ and 
A^ we can associate an Af = 2 superfield depending on fermionic superspace coordinates 
9 ^ and 9^. In general form, 

A(x, 9, 9) = e iX X(x) , X := 9 a ~Ql - 9 & Q« + - 9 a+ Q~ + 9+Q«~ . (5.1) 



In the central basis for harmonic superspaca_|, the supercovariant derivatives take the 
form 



4 Our use of harmonic-superspace terminology is somewhat unorthodox. 
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and satisfy the algebra 

{^,SJ} = T2ia^. (5.2) 

The action of the spinor covanant derivative on the Goldstino superfieldfl replicates the 
action of the supersymmetry generators on the Goldstinos via 

D^A = e iX iQp\ , Z>|A = e iX i Q+A . (5.3) 



In particular we obtain 



D+At = (5.4a) 

D+Al = (5.4b) 

D-A + a = -t aP + 2i K&-d fifi A+ (5.4c) 

DTA+ = -2iA^A+ , (5.4d) 

meaning that A+ is an analytic superfield. Also 

D+A+ = (5.5a) 

D+A+ = (5.5b) 

DfAt = 2iAP-d At (5.5c) 

£jA+ = -e Q ,-2iA^A+, (5.5d) 

so At is also an analytic superfield. 

The remainder of the .D-algebra is given by 

D+A- = e Q/3 (5.6a) 

D+A- = (5.6b) 

DpA- = 2iA^d^A- (5.6c) 

D7A- = -2iAP-d pp A- (5.6d) 



and 



D+AT = (5.7a) 

D+K = e &$ (5.7b) 

^-AT = 2iA^A7 (5.7c) 

D7A7 = -2iA^A7. (5.7d) 



5 The construction A(x,6,6) = e iX X(x) with X = 9 a -Q+-97Q 6l+ -9 a+ Q-+9+Q"- is adapted to the 
central basis for the supercovariant derivatives. The analytic basis is adapted to A(x, 9, 9) = e lXl e lX2 \(x) 
with X t = -9 a +Q- + 9+Q°~ and X 2 = 9 a ~Q+ - 6tQ &+ . 
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To find the action of the SU(2) generator D ++ on the Goldstino superfields, repre- 
sented schematically in the form A(x, 9, 6) = e iX \(x) with X = 9 a -Q+-9^Q 6:+ -9 a+ Q- + 
9~fQ & -, we note D ++ X = 0, so 

D ++ A(x,9,9) = e iX D ++ X(x). 

Thus the transformation properties of the superfield A(x, 9, 9) are determined by those of 



the corresponding field A(x), 

D ++ A+ = -2iA /3+ A /3+ 9 /3/3 A+ (5.8a) 

D ++ A- = A+ - 2i A p +A^+d p$ A- (5.8b) 

D ++ At = -2iA^ + A /3+ 5^A+ (5.8c) 

D++A. = At - 2i AP+P+dtfAT . (5.8d) 

Similarly, one can prove 

D—A+ =A~-2i A^A^d^A+ (5.9a) 

D—A- = -2iA /3 -A^^A; (5.9b) 

D-At = At - 2i tf-kt-dpfikt ( 5 - 9c ) 

D--A7 = -2iA^-^A7. (5.9d) 

Since A+ and A+ are analytic superfields, it is possible to consistently define an action 

S = Jdu J dC M) L (+4) , L (+4) = -^A a+ A+A+A"+ , (5.10) 

where the integration is over the analytic subspace of harmonic superspace, 

dC ( - 4) := d 4 * (D~Y , {D-f := ^-{D~f{D~f . (5.11) 

lb 

In (I5.10p . J du denotes the integration over the group manifold SU(2) defined as in [28] 

/d«l = l /d»«S... O f» i ;...«T. = n + m >0. (5.12) 

/ / (U % n Jl Jm) v ' 

Direct calculations give 



^ J du{D-f{D-) 2 {A + )\A + f \ = \+i>$d a& \* + i\ 6A d a& >$ + 0(\ 4 ) , (5.13) 
and thus the above action generates the correct kinetic term for the Goldstinos. 
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It is important to point out that the equations ( I5.8aj) and (I5.8cl) imply the following 
nontrivial property 



D++L (+4) = ^ L^\u) = L ijkl ufu-fu+u+ , (5.14) 

so that the Lagrangian is in fact independent of u~. Since l/ +4 ) is analytic, the superfield 
jjjki |-, e y S fa e analyticity constraints 

D {rn L ijkl) = ^(rn L ijkl) = q _ (5 15 ) 

Following the terminology [29] of M = 2 projective superspace [30] (see [31] for a modern 
review), the Lagrangian is an 0(4) multiplet □. We can now reformulate the Gold- 
stino action in projective superspace^. To pass from the harmonic to the projective for- 
mulation requires several steps. First of all, one should replace u +l — > v 1 G C 2 \ {0} where 
the isotwistor v l provides homogeneous coordinates for CP 1 . Secondly, one should also re- 
place — > Wi, where the isotwistor Wi is subject only to the condition (v, w) := v % Wi ^ 0, 
and is otherwise completely arbitrary. Thirdly, the integration over SU(2) in (I5.10p should 
be replaced by a closed contour integral in CP 1 . The projective- superspace realization of 
the Goldstino action is as follows^; 

with c lJ = cP l a real non-zero constant isovector, and 2c 2 = c^Cij. One can show that this 
action is independent of Wi and c % K 

The properties of given above are such that the action (I5.10p can be brought to 
the form: 

S=^J d i xD i DW k D l L ijkl \ . (5.17) 

Thirty years ago, Sohnius, Stelle and West [33] realized that one can associate an Af = 2 
super-action of the form (I5.17P with any real symmetric iso-tensor superfield L l ^ kl under 
the constraints (15. 15ft . It is interesting that their supersymmetric action principle can be 
used to describe spontaneous supersymmetry breaking. 



6 The fact that L {+4 ^ is a holomorphic tensor field over CP 1 , i.e. independent of u i , may be of 
significance in formulating a curved superspace version of the model under consideration. 

7 The relationship between the Af = 2 harmonic and projective superspace approaches is spelled out 



in [3T||32]. 

8 The action (|5 . 1 6[) can be obtained from (|5.f 0[) by applying the reduction technique developed in 
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The Goldstino action, eq. ( I5.10|) . can also be represented as an integral over full Af = 2 
superspace 

S = J d 4 xd 4 #d 4 #L , L : = -i(A+) 2 (A + ) 2 (A-) 2 (A-) 2 . (5.18) 

There is no need to include the integration over SU(2), since the Lagrangian L is inde- 
pendent of the harmonics, 

D ++ L = D—L = , (5.19) 

as follows from (15. 8p and (15.91) . 

We have constructed three different versions of the Goldstino action: (i) the harmonic 
superspace realization (15. 1Q[) : (ii) the projective superspace realization (15. 16ft ; (iii) the full 
superspace realization (I5.18P . They allow us to generate three different types of Goldstino- 
matter couplings. Within the harmonic-superspace approach, couplings of the Goldstinos 
to M = 2 supersymmetric matter can be described by actions of the form: 

5 intcr , harmonic = J du J { U +) /^attcr^, «") , (5-20) 

where C^ att is a real analytic superfield of U(l) charge zero, 

n+r(°) _ n+^(°) _n r (0) (p ia 7,+ P -' ia n~) — r (0) (v + >>r) (F>2'\) 

^ a -'-matter ~~ ^ a ^matter ~~ u ) -°matterl c u , c a ) — ^- m atterl u i a ) ■ 

In the projective-superspace approach, couplings of the Goldstinos to Af = 2 supersym- 
metric matter can be described by actions of the form: 

Winter, projective = ^ j> J d'x ( D~f { („) ££L(v)} , (5.22) 

where C^att is a real projective superfield^l of weight —2, 

^a^mattcr = -^A^matter = > ^matter { av ) = a Anatter( U ) ■ (5.23) 

We should point out that the interaction £ mat ( er (?j) is only required to be a holomorphic 
function of v 1 in the vicinity of the integration contour. Unlike the harmonic-superspace 
Lagrangian in ( I5.20p . the d^teA v ) is n °t expected to be globally defined over CP 1 . 
The isotwistor u>, in (15.221) has to be kept constant along the integration contour. One 
can show that the action ( 15.221) is independent of Wi, see [31] for more details. Finally, 
Goldstino-matter couplings can be described by actions of the form: 

Snter, full = J d*X d*6 d¥ L £ m atter , (5.24) 



'See [3T] for the general definition of projective superfields. 
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where £ ma tter is an ordinary Af = 2 superfield. We can also generate chiral Goldstino- 
matter couplings using the chiral Lagrangian in (1A.6j) . 

We would like to make a final comment. It appears that all information about the 
Goldstino superfields and is encoded in the Lagrangian L<+ 4 ) in the sense that 
these superfields can be obtained from l/ +4 ) by applying various differential operators 
like D~, D^, D etc. We believe that Z/ +4 ) should obey a system of constraints which 
involve only L^ +4 ^ that completely fix its structure, compare with ( 12.270 . However, we 
have not been able to determine such constraints. 



6 Composite Goldstino superfields 

Here we briefly discuss composite Goldstino superfields that can be used to construct 
higher- derivative Goldstino actions. 

All of the Goldstino superfields can be written as spinor covariant derivatives of a set 
of "prepotentials." Defining 

£++ := A Q+ A+ , S := A a ~A+ , £~ := A Q ~A" , (6.1) 

and their conjugates, it follows that 

= A+ (6.2a) 

D+Z— = 2A~ (6.2b) 

D+Z = -At (6.2c) 

Dp" = -2A . . (6.2d) 

We thus can think of the scalar composites E, £ and their conjugates as fundamental 
building blocks. The rest of the D algebra for £ is 

£>+£ = (6.3a) 
D-E = -A; + KKfi-AP+d^ + 2iA^A^A+ (6.3b) 
= -2iA Q -<9 Qci £ . (6.3c) 

The superfield £ can be viewed as an Af = 2 extension of the Af = 1 complex linear 
Goldstino superfield [25], eq. (12.261) . for its properties are are 

- \(D+fz- = i , (s-) 2 = o , -I x (D+fD-z = . (6.4) 
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It is not difficult to see that £ and S can be expressed in terms of S and £ . Therefore, 
£ and X contain all the information about the Goldstino superfields. 

The superfield S ++ is analytic, D^H ++ = D^X ++ = 0, and obeys the covariant 
constancy condition 

(D ++ + i V ++ )S ++ = , V ++ := 2{A a+ d aA A cl+ + A"+<9 afi A Q+ ) = V++ . (6.5) 
Using £ ++ and V ++ , we can generate reduced chiral superfields of the form 

W = ^J &u(D-) 2 (cY J ++ + c£ ++ +rV ++ ) , (6.6) 
for arbitrary complex c and real r parameters. The properties of W are 

DfW = , D ai D J a W = D\D &j W . (6.7) 
Using such chiral superfields, we can generate higher derivative Goldstino couplings. 

Acknowledgements: 
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A J\f = 2 chiral construction 

In this appendix, we apply the technique for construction of an antichiral Golstino 
superfield given in section 2 to the case of spontaneously broken M = 2 supersymmetry. 
The M = 2 supersymmetry algebra is given in equation (I3.ip . In the Volkov-Akulov 
construction, there are two Golstinos X a i (and their Hermitian conjugates ) associated 
with the broken M = 2 supersymmetry generators via the coset parametrization 

g(x, Xi(x), X\x)) = e^-^+^W^+^W) . (A.l) 

This yields the infinitesimal supersymmetry transformations 

5X ai = e ai -i v^d^X m , 5Xi = 4 - i v^d p$ Xl (A.2) 

with v 1313 = XjE^ — €jX^ . The analogue of the Samuel- Wess nonlinear realization, in 
which there is a pair of Golsdtone fields ^ a i{x) which mix only with themselves under 
supersymmetry transformation, is based on the alternative coset parametrization 

g(x, £i(x), ftix)) = ( l(-* ap °+&to c £) e m*)Qt . (A.3) 
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This yields the supersymmetry transformations 



5U = < n -2\C ! < )j <)r£n. (A.4a) 
'H y„ = e &i - 2i ehMd^. (A.4b) 

The construction of M = 2 superfields associated with the Goldstinos proceeds as in 
the Af = 1 case, and the resulting superfields E ai and satisfy the following set of 
constraints involving the M = 2 supercovariant derivatives: 

D^Epj = epj) (A.5a) 
DtoEfi = -2i5 l a 9 Q , d S /9j (A.5b) 
i3* «J = (A.5c) 

A«*J = - ^aa% ■ (A.5d) 



In particular, (!A.5cP means that the superfields ty\ are antichiral, and so provide in- 



gredients for an action obtained by integration over the antichiral subspace of M = 2 
superspace: 

Soc J d 4 a;d 4 ^ 4 + J d 4 xd 4 #^ 4 , (A.6) 

where \1/ 4 := ^S 1 ^^ and \? t3 ' := \I/ m \I>^. The nilpotent chiral superfield \l/ 4 can be shown 
to satisfy a constraint 

^ 4 oc # 4 £> 4 f 4 , (A.7) 

which is similar to ( 12.27ft 
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